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L flWTRODUCTION

The project work described here'n- represents a portion of

a grant made avatlaable by the A-my to promote a general scieutnc

advancement in the area of case nate-.als --or missiles. This sDeciilc

project is concerned w•th the synthetic environament stress corrosion

testing of specified high strength s:ec.s and alloys. The research

objectives of x"e project were -resented in the July Monthly Scientific

Report, Revort No. 1.

Natural envxronmental tests on high strength steels and

al-oys arc bet g conducted by Aerojet General Corporation. with actual

productioa envircenments and rocket propellant enviroments being

urtiized. By prior .'uttI agreement. the same steei and &Uoy sheet

-aterial will bee used for boti projects and possible heat tr-eattment

variations -ill be circumvented by exchanging heat treated material

whenever nossible.

A number of drawings and schematic diagrams of apparatus

and test methrods pertinent to the project have heen presented in prior

rezoor--s. in addition, summarized surveys of applEcable industrial and

ailitary liie_--ature have also been presented previously (August and

September re --
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- �s e�ort z-esen.i flrtfle? ,.nlornaton on contnin.ng

U-bend and bent beani tests for iie assigned '"cys. and for Rocolov

Z70, 4137 Co. and Ardeiorrn 301 niissile steels.
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U. EXPERIMENT.-A'o PROCEDURES

Test Adethods

A discussion oi the U-bend and bent beam test -. ethods

together with an ou.--e o: the s.-vnthet:c stress corrosion test environ-

r-ents used in per~o--mng the research are given in the JuIy. !960.

Monthly Scient-fic Reoort: Report ',o. 1.

A-1 r.ece-nly-exposed {la_.d future) samples being subjected

to stress corrosion tesning are beng 'eig;d n-ror to exp-osure to the

test soluuo-s to provide. whenever p ossible, general corrosion

inforr.nati-mm

z -a tas

Schematic drawinga o-fbent hcr dmx olders, the U'

be.d tes: and ;-olders, a sarn.•e. bend:n_ de-.-:ce -to- "-en: bea-.- s.ec•.ncrs.

an-d a strcss corrosion ties: tank-% were prese-n-cd inn Re-,orzst. I and 3.

Polyethiv1en- -ontain•-ers are pre.Aently being used for the

stress corrosion ex•osure of U-be-d snecz.nens to the various svnthz-tic

enviro-nments. Eazc= container 1w-ill ad-cuately hold six U-btnd znc::mens

TVe use o: wthese coatai• e rs -will su'ple-nes- the sar..les presently being

tested in epozy-coate- tanks.

C.tnstruction zi shelving and an aeration system -Report

No- 6" - -Z ..... i. ;-e. " t ix a Lacimtted (wherever

I • 1Nn a ! !1 ' I11I ' I a[!• • •
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feasible) the transfer of samples under test from. the glass containers

to the ev-xy-coated test tanks. The complet.-d facility is illustrated in

ReDort No. 7.

Alloy Sample Material

The alloys being used in te study on sEress corrosion

include-

1. Low Alloy- Ladish D6Ac.

2. Si-Modified 4300 Series: 300 I.

3. Hot-Worked Die Steel: Vascojet 10O0.

4. Cold-Worked PH Steel: AM 355.

5. Heat-Treated PH Steel- PHl5-7 Mo.

6. Tizaxium Alloy: BIZOVCA.

7. Low .ALUoy-Cobalt Modified: 4137 Co.

8. Low Alloy-Cobalt Modified: Rocoloy 270.

9. Stretch-Formed 1717 Stainless Steelh Ardeform 301.

All of the sample m-aterzial is being tested in sheet form

and was procured as such.

Chemical analyses for the above listed alloys and for the

comparative heats are g2ven in their emairety in Table L. .Physical

properties and heat treating surveys for the alloys were presented in

Re-port No. 12.

IJ



The status of the alloy saz-n.De rnater-ial :-s as i:'s

1. D6Ac- readv~ io i-a

2. 300M -readv o foz a :man--n--g

3. Vasco.;et 100'0 - readv for heat trea-trent

4- ANM355 - under test

-5. ?M45-72.o -ready for- heat treatment

6. 312 OVCA -bein2 mnach~ined

7. 4137 Co -under test

8. Rocolcy Z70 -ready for final achimnin

9. Ardeformn301 - uder test

On all of the above listed allovs. the final m-ach-ining stez

conQi-ts of wet gruiiizn the zpectems to thickness (_.051 + 001). After

h-cat treating. all szec--;en surfaces (exceot ends) are hand polished

with 240-gr~t ermery- papeer.
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I. EXPERIMENT-AL

Sample preparation on aU alloys noted in the aforementioned

section is cantinaudag.

U-bend strezs corrosion testing is continuing for the alto-s,

including 4137 Co, AM355. PHIS-7Mo, BIZOVCA and Ardeform 30L

Bent beam specimens of 4137 Co and AM355 are stiUl r test.

The foregoing specimens under test are diecussed in greater

detail as follows:

Bent Beam Tests

Bent beam specimens of AM35_4 (secondary direction) are

ur,.=.going stress corrosion testing. These specimens were cold-rolled

to their strength levei (25C, 261. 30Z Kpsi) by the vendor. To date there

have !:.e_- no failures, as indicated in Table II. Visual observatim shows

no i;ndica=ion of gene rai zorrosion n the AM353 speci-en . It is expected

in h.e .car future that the primary direction of the AM355 bent lma-n

specimns will also be under test-.

In the cooperative progra- with U. S. Steel Applied Research

Laboratory, in which bent beam specmen of 4137 Co specimens were

exposed to three natural environm t-, little change has been noted in

the sta-a of the specimens.

Ij
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The U. S. Steel Applied Research program utilizes samples

of 4137 Co heat treated to three strength levels aad then s:--essed to 75%

of their Y.S. The specimens were ex-Dosed to*-. rvatura! environen-ts:

Kure Beach, N. C. (=-.arine) and M,-roeviLle (semi-industrial). Table

IM gives the cumulative data on the sp-cimens to date. It may be noted

that the status of the specimens has not changed over Lhe Dast few

months.

The progran- r 4137 Co bent beam specimens conducted

by this Project utilizea the same heat of sample material and the same

heat-treatng procedures-. An industril. environment, Pittsburgh, Pa.,

was chosen for testing. Specimens of the three Y.S. levels were stressed

- --.-- F. 75% and 90% of their Y.S. The cumulazie results on the

specimens used by project ers onnel is given in Table IV. It may be

noted that very little change hats take.n place over the last few months

and only scattered failures na-.ve been reported.

U- Bend Tests

"h•e U-bend snecitnens ef dhe high Y.S.. pr-imary direction,

of AM355 are .resented in Table V. Since the specimens are only from

one stre=gth level and one direc'-on, no correlati.-- ca- bI- irade between

U-be=d and bent beam results for AM355. The remainder of the U-bends

for both directiors and all strength levels are expected to be une.r test m

thin ie .... .future.



Rt can be seen f'rom. Table VI that no failures have occurred

waith the Bl-'GVC.A U-bends. These specxxnens are. hoivever. irorn the

lowest strength -level (135 l~~)and =Ie secomaar-y directinam

The U-bend specilrnens of the _ -r5-7Mo alloy are still

-anderzoing testing. It is somin Table VTII that mto failures have

occ-urred to Iatc. ± esnecxnen--s -xere takem. in both the nzirnary and

ziecondary directions and wer- cold-roiled to a strength level of

apro'---"ly195 Knsi- by the -endor-

Additional U-bend sreciniens of PH57oand AN1355 are

being tested in *ccrt additional test solut~ions albove and bely-nd those

assigned -for -i5 project- These test ýOIUtioas ..nclnde:-

1. a chlora-ted mon-hyd-rocarbor- (CCl

2. a 'o--½- ýe yrocarbon (C.i,.,); and

3. a cizlc,:nated hy--;ocarbon (C,=,C1j.)

Table VIEl3-F trr cum-tu-at~ve re sults on th-e aiorementioned test.

No recent. fa-ilures hnave :-esulIed fothte foregoing tests ecsi e

of --;- one earlyf :;--ure of a ?!HII:--7.Xo samole in CC!..

Akrdeform 301 spe-cirec testing is continrdng in the fi-we test

soluzt~oms, narnel- 'NaCi. N-a.NO. N~a-SO.. Na?O- and 'N'a,S. The
V JO-

cum.-ulat:7e data on sa.-n-ale No. 1 of the Ardeforrn 301 materia is girea

in Table DC.. The result-; indicate a s-xsc-zmaibility of the Ardeform 301

inthe one :nola.- NaC~l test so1l-mon,. Sarnime Ne. 2 o: the- At-deformn 301
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does not show the .came degree of sasceptibi-11t-ta.s sshown in Tabia X.

Monthly Pro&gress Repozt No. 10 2resents the sample preparation

information for Sanu~1es 1 and Z.

U-1end Tests oa= --1i7 Co, a 1o- alloy =iss-ile szeel, art

continuing. it can be seen froin Table X" that the specinmens in the cue

=olar N•-.MO an d N-a-.O3 have _a!-ed for all three strength levels. The

NaS test solution appears to hve =-ly a slight effect on the -1137 Co

specimens.

-he 41'37 Cc resuls on -e e-ect oi water vapor- exposu.-e

are =resented in Table XE.As the data shows. the "Humid Air's test

was the only one with an effect on the s;zeciens. There have been no

f-ailures wi-h the seci mens te=Dered ax I10-.Fin the .amid Air."
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IV. FUTUtRE WORK

Sample PrepI-ati-aw heat ,reatmezt. rfeua3z,,aphic

-z--i,,t.-• and stress corrosion test~ng ---i11 cstirate the 5.•

egort of the project.

Photo-mic-rographs of specin ns from the heat tzeaeux

survey will be presented together with grain size det.-rinatizos.

Cumulative test results -an bet beam arid U-bend tests

will be presented as they become available.

Future reports w-il be preseated on a .rfcL,-:e-ly rather

than - monthly basis.

C. j. O-en~grr / FELOW

W. D. Ruble -R.ESEARCH .ASSITAN-T

RP 8-22-61
T: 8-ZZ-61

I
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